The aim of this study was to assess the capacity for reuse of wastewater treated in stabilisation ponds and subsequently reclaimed by means of different filtration systems at pilot scale. An analysis of filtered water showed turbidity values of below 5 NTU, a total suspended solids (TSS) content of 7 mg/l, and
Introduction
Water is becoming an increasingly scarce resource in certain parts of Spain, rendering it necessary to seek alternatives to traditional sources. One of these alternatives is reclaimed water, which is suitable for some but not all purposes and requires legislation governing its quality.
In recent years, legislation has been passed in Spain controlling the reuse of and RD 1620/2007. The latter law stipulates the various uses for which reclaimed wastewater can and cannot be destined, and the minimum quality required depending on each use.
One of the permitted uses is agriculture. Wastewater has been reused for agricultural purposes for centuries, although this has caused health problems associated with water contamination, either due to direct contact with the water or to percolation into aquifers [1] . Such problems are now prevented by RD 1620/2007, Spanish Water Reuse Regulations [2] .
In Spain, most of the water consumed is destined for agricultural irrigation. In 2010, 16,118 Hm 3 of water was used for this purpose, accounting for 82.6% of the total water consumed [3] . In a country that suffers recurrent drought, it is of considerable interest to mitigate this water consumption to some extent through the reuse of wastewater for this purpose.
The Royal Decree subdivides agricultural irrigation into three possible applications, which are described in Table 1 .
The quality levels correspond to different uses. For example, Quality 2.1 is suitable for crop irrigation using systems that permit direct contact between reclaimed water and edible parts for human consumption in their fresh state; Quality 2.2 is suitable for crop irrigation using systems that permit direct contact between reclaimed water and edible parts for human consumption, where these are not consumed in their fresh state but following subsequent industrial processing; and Quality 2.3 is suitable for localised irrigation of woody crops that prevents contact between reclaimed water and the fruits consumed.
In areas of low population density, usually characterised by dispersed or small communities, agricultural irrigation takes on a different dimension since treatment and subsequent reclamation of wastewater is limited both at the human and the technological level [4] .
In Spain, more than 70% of municipalities have less than 2000 inhabitant equivalents (IE) [3] . In general, such communities have neither the economic resources nor the trained staff necessary to implement conventional wastewater treatment or reclamation technologies [4] .
In these cases, extensive or non-conventional technologies may be used, some of which are suitable for wastewater treatment and reclamation. Non-conven- irrigate Romainelettuce (Lactuca sativa) following treatment in a complete stabilisation pond system (anaerobic, facultative and maturation ponds) and subsequent reclamation using two filtration systems; an intermittent sand filter (ISF) and a modified infiltration-percolation system (mIP) [7] [8].
Methodology
The experimental part of this research was carried out at the CENTA Foundation pilot plant located in the town of Carrión de los Céspedes (province of Seville, Spain) [9] . For the primary and secondary treatment of wastewater arriving at the plant, water from the plant's stabilisation pond system was used, which consists of a 200 m 3 anaerobic pond, a 3500 m 3 facultative pond and a 400 m 3 usable volume maturation pond. The water was then reclaimed by means of an intermittent sand filter (ISF) measuring 5 m in diameter by 1.10 m high and containing a 70 cm sand filter layer aerated by shafts, and a modified infiltration-percolation (mIP) system measuring 2.5 m in diameter by 3 m high, containing a 1.5 m sand filter layer and a 45 cm layer of fine and coarse gravel and coarse sand aerated by an underlying air chamber. A detailed description of both systems is given in previous papers published by the same research team [10] .
The sand used as the filtration element had an effective diameter (d 10 ) 0.27 mm and a uniformity coefficient (C u ) of 1.77.
The water was fed into both filtration systems at two different hydraulic loads; at 240 l/m 2 d for two months and then at 480 l/m 2 d for another two months. In both cases, the systems received 12 daily doses of wastewater (once every two hours) throughout the duration of the assay.
The effluent from the ISF and the mIP was used to irrigate two plots measuring 1 m in diameter (P2 and P3). A third plot (P1), irrigated with potable water, served as control. The cultivation substrate was the same for all three plots, as was the sowing method, which consisted of scattering seeds over the surface of the plots. The plots were manually irrigated with a single daily dose of 10 l, performed first thing in the morning to avoid evaporation processes.
The method recommended by the US Standard Methods [11] was employed to analyse the various contaminants studied and listed in RD 1620/2007 for water (turbidity, total suspended solids, helminth eggs, E. coli and metals, as well as COD, BOD 5 , NH 4 + and NO 3 -. The analytes referred to in the legislation on lettuces sold in the EU [12] [13], nitrates and E. coli were analysed using the method described in the same legislation.
Results and Discussion

1) Characteristics of water from the stabilisation ponds
The stabilisation pond influent and effluent water was analysed over a period of two years (103 samples). Table 2 shows the mean results obtained from an analysis of plant influent and effluent after treatment in maturation pond II (MP II), including those for the analytes specified in RD 509/1996, and for some of those specified in RD 1620/2007.
As can be seen in Table 2 , an analysis of the influent parameter values showed that these were characteristic of purely urban wastewater, presenting a contami- 
2) Characteristics of filtered water
Before using water from stabilisation ponds for agricultural irrigation (Table   1) , it must be subjected to reclamation treatment. In the present study, this consisted of feeding it into two filtration systems: an intermittent sand filter (ISF) and a modified filtration-percolation (mIP) system. Table 3 shows the mean values obtained for the influent (water from MP II) and the effluent from both types of filtration system, during a 100-day assay in each of them.
First, it can be seen that the values obtained for the filtration system influent during the 100-day assay were very similar to those obtained for the effluent from the stabilisation pond system shown in Table 2 which, as previously mentioned, corresponded to a period of two years. In addition, almost half the influent parameters analysed presented high fluctuations, and in some cases the standard deviation was of the same order as the mean value. This was consistent with the findings discussed in the previous section on the characteristics of the effluent from the stabilisation pond system.
With regard to the values obtained for effluent from both filtration systems (ISF and mIP), these were lower and generally more stable than influent values, and complied with wastewater legislation and many of the stipulations in the RD on reuse. lower, at close to 75%. In general, the mIP system yielded better results than the ISF for practically all the parameters analysed, and it also yielded less fluctuation, most probably due to the different thickness of the filter layer. With regard to microbiology and E. coli removal, there was an almost 10% difference in removal rates between the two systems in favour of the mIP, which also yielded practically 50% less fluctuation. In the case of nematodes, these were never detected in either the influent or effluent, and thus nothing can be concluded about the behaviour of either system.
The biggest difference between the parameters analysed was observed for dissolved oxygen, where the mIP yielded higher effluent values and lower standard deviations since its design permitted greater contact with the air, favouring oxygenation of the water.
Of note was the low or non-existent removal of phosphorus, due to the process being mainly carried out by adsorption. This occurs because the sand is not renewed. Therefore, once the sand has become saturated by adsorption, an adsorption-desorption balance is established and the sand's effective retention capacity is decreased over time.
With regard to nitrogen, it should be noted that ammonia was almost completely removed by nitrification (80.7% in the ISF and 84.5% in the mIP), but the same was not the case for nitrate, the concentration of which increased more than 50 fold in both filtration systems because the conditions for nitrate removal (anaerobic conditions and a carbon source) were not established. Consequently, total nitrogen removal was low, and on average did not reach 10%. Figure 1 shows the evolution of the turbidity, TSS, BOD 5 , COD, NH 4 and E. coli parameters over the 17-weeks assay. A steep reduction in all the parameters analysed was observed at the beginning of the assays. Subsequently, both filtration systems presented worse performance by the end of the assays due to silting up of their surfaces and the generation of preferential channels. Besides worsening performance, the standard deviation of parameter values was also observed to increase.
The results reported in this section thus indicate that stabilisation pond effluent cannot be used directly for any of the applications established in RD 1620/2007 except use 5.4, mainly due to the high value obtained for TSS. In contrast, they show that effluent from the filtration systems was of sufficiently high quality to permit its use for most applications described in RD 1620/2007, the exceptions being those that would be restricted due to the concentration of nitrogen (5.1 and 5.2) and phosphorus (4.2, for stagnant water) and the microbiology (uses 1.1, 3.2 and 5.2), since values for the E. coli parameter barely reached compliance. As explained previously, the failure to achieve stipulated values for these parameters may be due to silting up of the filtration systems, since E. coli values prior to this stage, for example, barely exceeded 1.5 log units. 3) Metals analysis In the specific case of reuse to irrigate Romaine lettuce, water must comply with the requirements of use 2.1 (Table 1 ). This particular use also requires an analysis of metals. Table 4 shows the results of the metals analysis performed on the experimental plant influent, as well as the maximum values given in the RD for use 2.1. These results were as expected for purely urban wastewater.
Based on these influent values, and given that sand does not contain any of these metals, effluent from the filtration systems will not contain them either. It can therefore be concluded that as regards metal content, reclaimed water can be used for agricultural irrigation in all circumstances.
4) Irrigation of Romainelettuce
The lettuce was not cultivated in traditional rows, nor was the recommended space (20 -30 cm) left between plants; instead, seeds were scattered over the plots and seedlings were then partially thinned in order to obtain a higher number of albeit smaller plants and better determine the influence of water on growth. Not any kind of fertilizer or phytosanitary was employed at any time.
The lettuces in each of the plots were manually irrigated with a daily single dose of 10 l of each type of water. At 100 days from sowing, the lettuces were weighed (Table 5 ).
There was a clearly evident difference in lettuce weight between the three plots, whereby those irrigated with water from the ISF filtration system weighed most. This may have been due to varying concentrations of nutrients and organic matter in the different types of water used for lettuce irrigation. The values for these parameters are shown in Table 6 . Potable water 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 The data in this table indicate that the lettuces irrigated with reclaimed water were perfectly viable; furthermore, they demonstrate the excess of nitrates in lettuces sold to the large supermarkets.
Conclusions
Based on the results obtained, it can be concluded that: -Intermittent sand filters and modified infiltration-percolation are both effective systems for reclaiming wastewater treated with non-conventional technologies. This results in a high quality water for reuse at very low cost. -The greater the influent hydraulic load with water from ponds, the faster the filters silt up; consequently, the recommended hydraulic load is 240 l/m 2 d.
-Depending on the primary goal, whether higher quality water (mIP) or a higher concentration of nutrients in water (FIA), one or the other filtration system should be used.
-Reclaimed water contains a certain amount of nutrients, mainly as nitrate nitrogen and phosphorus, and these could replace some of the fertiliser normally added to crops, a 25% of the nitrate and 100% of the phosphorus in the case of the Romaine lettuce -Crops irrigated with this water comply with current legislation on contaminants. The abusive use of fertilizer can cause excessive nitrate levels in lettuce, above what European legislation dictates
